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Introduction
Itch was originally characterized as a sensation which induces scratching behaviors to remove harmful materials from the skin surface. However, itch has been the focus of therapies for unpleasant sensations caused by many diseases such as atopic dermatitis, neurogenic lesions, and cholestasis 1 . In these cases, itch is a serious unpleasant sensation similar to pain. Therefore, itch represents an important research target. Scratching behavior is the primary indicator of itch in animal experiments, and scratching behaviors can be induced in mice by injecting pruritogens into the skin on their neck 2, 3 . However, a previous study showed that capsaicin, an algogen, also induces scratching behaviors in a neck injection model 4 , making it difficult to discriminate itch from pain in this model. In contrast, it has been found that capsaicin reduced scratching behaviors in a neck injection model, indicating that the effect of pain on scratching behaviors is complicated and depends on the experimental conditions. Therefore, simultaneous measurements of pain and itch-related behaviors would enable the precise analysis of pruritogens and algogens. Steven G. Shimada and Robert H. LaMotte succeeded in simultaneous measurements of pain and itch-related behaviors by changing the injection site from the neck to the cheek 4 . In the cheek injection model, capsaicin induced wiping, but not scratching behaviors, while histamine, a pruritogen, only induced scratching behaviors. Therefore, this model enables the independent assessment of itch and pain, making cheek injection a useful model for itch research. When trying to determine if a test substance is a pruritogen and/or an algogen, this model provides more information than the neck injection model. This article describes a practical method for performing cheek injection and counting the bouts of scratching or wiping, and shows the utility of this method for evaluating scratching behaviors induced by lysophosphatidic acid (LPA).
Experiment preparation
1. Cage 1. Set four cages under a camera as shown in Figure 1 . Set a screen to prevent the mice from seeing each other. Put in each mouse to each cage and set an acrylic lid to prevent escape of mice. Note that recordings should be performed in an environment in which temperature, humidity and sound are controlled. NOTE: Behaviors can also be recorded without a lid if the cage is sufficiently high.
2. Needle and syringe 1. Use a 29 G or 30 G needle attached to a 0.5 mL syringe for the injection of test substances. If the test substance solution is highly viscous, larger needles are required. However, please note that large needles pose additional physical side effects. NOTE: A needle connected to a syringe with a polyethylene tube can be used.
3. Video camera 1. Use a video camera having sufficiently large frame rates (30-60 frames/s) with relatively high resolution for the measurement of scratch bouts and wiping behaviors.
4. Software for video analysis 1. Use a video editing software for the video playback and analysis. Note that a fast-forward mode and a frame-by-frame playback mode are needed for precise analysis. 2. Injection and recording 1. One day prior to the experiment, shave the fur on the mouse's cheek with hair clippers (Movie 1). Before shaving, do not restrain the mice. NOTE: CD-1 or C57BL/6 mice were mostly used in this model 4, 5 . In this article, male 6-12 week-old C57BL/6N mice were used. Note that sensitivity to the chemicals could be different between the various mouse strains 3,6,7 . 2. One day after shaving, move the mouse to the recording cage for 1 h to acclimatize it to the recording conditions. If a topical application is used, apply it during this acclimation period. NOTE: In this report, 10 μL of 2% (w/v) diphenhydramine hydrochloride salt in saline was topically applied 30 min prior to recording. 3. Set a video camera above the cage, and start the video recording before the test substance injection. Inject a 10 μL solution of the test substance intradermally into the shaved cheek under awake conditions (Movie 2). After the injection, return the mouse to the recording cage. 
Neck Injection Model
1. Injection and recording 1. One day prior to the experiment, shave the fur on the nape of the mouse's neck with hair clippers after approximately 5% isoflurane inhalation for 2-3 min. 2. One day after shaving, move the mouse to the recording cage for 1 h to acclimatize it to the recording conditions. 3. Set a video camera above the cage (Figure 1) , and start the video recording before the test substance injection. Inject a 10 μL solution of the test substance intradermally into the shaved neck under awake conditions. After the injection, return the mouse to the recording cage. NOTE: In this article, 50 μg/10 μL histamine, 10 μg/10 μL or 40 μg/10 μL capsaicin, or vehicle (7% tween 80 in saline) were used as test substances. 4. Close the lid of the cage and continue video recording for 30 min.
NOTE: Total recording time will depend on the experimental conditions.
2. Behavioral analysis 1. Count scratch bout behaviors. Mice raise a hind leg towards the neck and scratch several times over one or a few seconds, then put that leg down. This series of actions is counted as one scratch bout. Scratching of other areas should not be counted. NOTE: The action of scratching is similar to that in the cheek injection model, except that the location of the scratching is shifted to the neck.
Representative Results
In the neck injection model, histamine induced strong scratching behaviors (Figure 3) . Vehicle (7% tween 80 in saline) also induced scratching behaviors. A previous report showed that detergent induced itch by histamine production from keratinocytes 8 . Tween 80 could induce itch by similar mechanisms, whereas capsaicin reduced vehicle-induced scratching behaviors, contrary to a previous report 4 . It is possible that mouse strain differences could account for these different results. These findings indicate that the effect of pain on scratching behaviors is complicated. Therefore, the simultaneous measurement of pain and itch-related behaviors may enable the precise analysis of pruritogens and algogens. In the cheek injection model, capsaicin did not induce scratching behaviors and only induced wiping behaviors, which are thought to be related to pain 9, 10, 11 (Figure 4) . Capsaicin injection also increased grooming behaviors (data not shown). Following injection into the cheek, histamine mainly induced scratching behaviors with weak wiping behaviors. The application of an anti-histamine reagent, diphenhydramine, inhibited scratching. This result suggests that histamine-induced scratching behaviors are caused by the action of histamine on histamine receptors. Here, as an example, the effects of LPA in the cheek injection model are shown (Figure 5) . LPA is an itch mediator found in cholestatic patients with itch. However, in mouse models, LPA was reported as both a pruritogen and an algogen 12, 13, 14, 15 . Therefore, the effects of LPA were investigated in a cheek injection model and results showed that LPA induced scratching, but not wiping behaviors. This indicates that LPA is a pruritogen, but not an algogen, in mice similar to its effects in humans. 
Discussion
In this article, a cheek injection model is introduced and shown to be useful for the analysis of pain and itch-related behaviors.
A previous report showed that algesic substances induce scratching behaviors in a mouse neck injection model 4 . In contrast, capsaicin reduced scratch behaviors in other neck injection experiments (Figure 3) . Therefore, the effect of pain on scratching behavior remains unclear. It is thus necessary to develop a method to concurrently investigate pain and itch through behavioral tests. By using a cheek injection model, the effect of a substance on both pain and itch can be evaluated.
It has previously been reported that intracellular LPA directly activates TRPV1 and TRPA1 as a mechanism of LPA-induced itch 5 . Accordingly, LPA-induced itch could be histamine independent. A previous study also showed that a cheek injection model can be used for the evaluation of histamine-independent itch 16 . Therefore, this model can be used for both histamine-dependent and -independent itch.
One of the critical steps in this experiment is the injection. Because this is an acute behavioral test, anesthesia cannot be used in the injection step as it might affect these behaviors. Therefore, the mouse needs to be held securely in order to perform a precise injection. When the hold on the animal is not secure, especially when injecting strong algogens, the mice may struggle, leading to an inaccurate injection volume and depth, followed by difficulty in interpreting the results. When handling a mouse, pull the skin on the nape between the thumb and forefinger to inhibit movement of the mouse.
Another critical step is the behavioral analysis. Because scratching is very rapid, the video needs to be watched carefully. Moreover, wiping can be difficult to distinguish from grooming. Therefore, the use of positive control chemicals such as capsaicin is recommended during the first experiment. Recording and replay conditions can also affect counting of both behaviors. If it is difficult to clearly observe the behaviors, mirrors can be used around the cages to enhance the viewing angles 4 .
It should be noted that the cheek injection model may show reduced quantitative accuracy for the tested chemicals than in the neck injection model. As shown in Figure 3 and Figure 4 , the same amount of histamine induced more scratching behaviors in the neck model than in the cheek model, and showed smaller variation in the neck injection model. Once a tested substance has been shown to be a pruritogen with low algesic effects with the cheek injection model, the neck injection model is recommended for additional quantitative analysis. Even with these limitations, the cheek injection model is useful for the precise evaluation of test substances, especially in the field of itch research.
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